SUMMARY A case of sustained involuntary laughter is described, with accompanying alteration ot mood, due to infarction of the inferior and lateral aspects of the left temporal lobe. The lesion was localized by the clinical findings, by electroencephalography, by a radioisotope brain scan, and by angiography. The problem of the neurology of emotional behaviour is discussed in the context of the localization of the lesion in this case.
Changes in emotional state are common in neurological disease but involuntary laughter occurring either as an epileptic event (gelastic epilepsy) or as a released phenomenon in destructive lesions is very rare. Gumpert, Hansotia, and Upton (1970) have recently described one further case of gelastic epilepsy and have reviewed some of the previously reported instances of pathological laughter. They were unable to draw any firm conclusions about the nature of the underlying mechanisms responsible for the production of laughter in their patient, although they thought that a hypothalamic lesion was the most likely cause.
It is the purpose of this paper to present a case of sustained involuntary laughter, with accompanying alteration of mood, due to left temporal lobe infarction.
CASE REPORT
Mrs. D.E.G. (LH 31891/57), aged 45 years, was admitted to the London Hospital as an emergency. She had been well until the evening before admission when she suddenly began to laugh. Her laughter was loud and continuous and although it was obviously inappropriate it seemed, in itself, to be like her usual laughter, so that her husband thought, at first, that something had amused her. However, she continued laughing and was unable to stand unaided or use her right arm to support herself. During the first hour her right arm flung wildly about in the air. She laughed almost continuously for the first three hours, with pauses only to draw breath, but then her laughter gradually subsided and was replaced by frequent giggles, low laughs, grimaces, and smiles so that she seemed to be continuously muttering and laughing to herself. In this state loud laughter occurred in response to any environmental stimulus. Any attempt at conversation, or even the noise of a door slamming, induced a burst of loud, naturalsounding laughter which often continued for five or 10 minutes. She seemed to understand what was said to her but her own speech was jumbled and incomprehensible, and when asked to write down what she wanted she wrote nonsense. During the night she was quiet, although her husband had difficulty in preparing her for sleep because of her noisy laughter. The next morning she woke at the usual time, but immediately began to laugh uncontrollably and with apparent amusement, and was brought to the hospital, still laughing and giggling.
There was no history of previous physical or psychiatric illness and there was no family history of vascular disease. Menstruation had ceased seven years previously.
On examination she was an obese woman lying on her right side in a generally flexed posture chuckling and laughing to herself in a natural but wholly inappropriate manner. Frequent noisy yawns interrupted her otherwise almost continual and often noisy laughter. She responded to simple questions by nodding or shaking her head and with louder and more prolonged laughter. Sometimes she muttered inaudibly. If left alone she became drowsy and drifted into a light sleep from which she could easily be awakened by calling her name. Her laughter was so natural and so apparently enjoyable that it provoked amusement and laughter among the physicians, nurses, and other patients who saw her, although it was plain to them that her laughter was both involuntary and pathological. Even She was unable to describe the events of her illness or to talk about her home and although she responded to simple commands she failed to perform two-stage requests. Perseveration, both of speech and of gesture, was very marked and normal prosody was lost. She often spoke spontaneously, but in a soft mumbling voice, and her speech contained frequent neologisms and repeated meaningless phrases. She could not repeat simple phrases either verbally or in writing. There was a severe naming defect both to visual and tactile tests, although it was clear that she knew the use of the objects presented. There was no echolalia. Calculations were performed inaccurately, but not out of proportion to the degree of aphasia, and there was no significant left-right disorientation. During reading aloud neologisms and perseveration were prominent and comprehension was very poor.
Writing of remembered material-for example, her address-and of copied sentences showed similar errors. There was no gross limb apraxia or agnosia.
A right upper quadrantic visual field defect persisted and she often neglected right-sided visual and auditory stimuli. There was a mild right hemiparesis, most marked in face and shoulder, and the right-sided stretch reflexes were brisk. The right plantar response was extensor. There was impairment to all sensory modalities in the right limbs but perseveration and aphasia made detailed examination impossible.
The skull and chest radiographs and routine haematological and urine tests were normal. An electroencephalogram showed poorly organized background activity bilaterally and a focus of theta and delta activity in the left fronto-temporal region. The brain scan (Tc99m) showed increased uptake of radioisotope in the deep and inferior aspects of the left temporal region ( Figure) normal. On examination she was euphoric and humourous and speech was frequently interrupted by sudden and often unexpected bursts of laughter which were quickly and voluntarily inhibited. She was still easily distracted by random events in her environment and she was unable to attend to any task for more than a minute or so. The resultant sudden changes of attention were particularly likely to be accompanied by a burst of laughter. There was a mild residual aphasia and the right upper quadrantic visual field defect and the mild right-sided signs persisted.
The electroencephalogram was improved but showed similar abnormalities to the previous recording. A repeat left carotid angiogram again showed a paucity of vessels in the left anterior temporal region, but collateral and anastomotic vessels were more extensive. The radioisotope brain scan still showed increased uptake of isotope in the left inferior temporal region but a third scan performed four months after the first showed less uptake in this region, and this seemed compatible with the diagnosis of cerebral infarction.
At Involuntary laughter may occur as a released phenomenon with destructive lesions or as part of an epileptic discharge (gelastic epilepsy). Thus it is commonly released in pseudobulbar states and very rarely as a prodrome of cerebral haemorrhage or infarction. It is extremely rare for it to occur as a released phenomenon with single cerebral lesions, as in our patient. Laughter may also be released after prefrontal lobotomy (Kramer, 1954) , and in psychiatric disorder when it is part of a more generalized disturbance of function. These various categories of involuntary laughter will be discussed briefly.
Released involuntary laughter, usually accompanied by involuntary weeping and crying, is a common finding in patients with diffuse or multifocal lesions in cerebral hemispheres or brain-stem. It is usually taken to indicate bilateral lesions. The laughing and weeping may occur spontaneously or as an exaggerated response to a minor stimulus and it is usually obvious from the quality, intensity, and duration of the response that it is pathological, so that it only rarely stimulates similar emotions in experienced observers.
Released involuntary laughter may occur as a prodrome of cerebral haemorrhage or infarction. Fere's (1903) patient was a 64 year old man who laughed suddenly and loudly for several minutes without cause on several occasions and after one such attack had a left hemiplegia. During the remaining 18 months of life he had no further attacks of laughter. Badt (1927) and Andersen (1936) have described similar instances of pathological laughter occurring with fatal haemorrhage into both thalami and both internal capsules. Martin (1950) described a patient with a large aneurysm of the basilar artery which deformed the upper brain-stem and the posterior part of the third ventricle whose death from rupture of the aneurysm was preceded by an attack of prolonged laughter.
Involuntary laughter may also occur as a released phenomenon after a single cerebral infarct, but this is extremely rare (Poeck and Pilleri, 1969) . Ironside (1956 ) described a patient with cerebral vascular disease whose third stroke was heralded by a sudden feeling of dizziness after which she laughed continuously for three hours. She was then found to have a right hemiparesis with aphasia. The tendency to laughter persisted as an immoderately easily induced alteration of emotional state without weeping or crying for the remainder of the patient's life, and she remained incontinent and demented with a double hemiplegia until her death some months later. Post mortem examination was not performed but it is clear from the clinical description that this patient had multiple, bilateral cerebral infarcts and, although Ironside regarded the case as an example of 'le fou rire prodromique' (Fere, 1903) , it is difficult to exclude a pseudobulbar cause for the laughter. Our patient, however, is an example of the extremely rare phenomenon of released laughter occurring as a sequel to a single cerebral lesion.
Gelastic epilepsy is a rare phenomenon and its pathophysiology is not understood. Some of the reported cases have been associated with temporal lobe tumours (Daly and Mulder, 1958) or with temporal EEG discharges both in the resting record and actually during the attacks of laughter (Weil, Nosik, and Demmy, 1958; Roger, Lob, Waltregny, and Gastaut, 1967) , but suppression of paroxysmal EEG activity during the attacks has also been observed (Druckman and Chao, 1955; Gumpert et al., 1970) . In patients with temporal lobe epilepsy ictal laughter is very rare (Daly, 1958; Weil, 1959) but sensations of ictal pleasure, without laughter, occur more frequently, and feelings of fear or anger are quite common (Williams, 1956; Currie, Heathfield, Henson, and Scott, 1971 ). Penfield and Jasper (1954) never observed laughter during their experiments with electrical stimulation of the human cerebral cortex, but Sem-Jacobsen and Torkildsen (1960) reported smiling accompanied by a feeling of joy, and, in one case, laughter, when stimulating a temporal lobe.
Other clinical reports of epileptic laughter have described lesions in the basal ganglia, in the hypothalamic region and in the walls of the third ventricle. These reports have been discussed in some detail by Ironside (1956) and more recently by Gumpert et al. (1970) and by Gascon and Lombroso (1971) . Many of the reports of laughter occurring with hypothalamic disorders cited by these authors, and a case of laughter caused by surgical manipulation of the walls of the third ventricle (Foerster and Gagel, 1933) , have described states of excitement, depression, fear, and anger as well as outbursts of laughter. These symptoms are, perhaps, more closely related to pseudobulbar laughing and crying than to gelastic epilepsy.
Released laughter occurring after prefrontal lobotomy (Kramer, 1954) Gumpert et al. (1970) confirms, Ironside (1956) , who himself thought that the role of the hypothalamus in emotional disorders had been underestimated, was careful to point out that such disorders could be released or could occur as epileptic phenomena with lesions both at lower and higher levels in the nervous system. Alpers (1940) commented similarly that the hypothalamus is only one of a series of stations concerned with the control of emotional feeling and behaviour. Nonetheless the hypothalamus has come to be regarded as of special importance in this regard (Masserman, 1941) . The evidence for this view rests largely upon descriptions of cases of released or ictal laughter associated with tumours or haemorrhages in this region. Caution must, however, be exercised when interpreting the localization of disorders of function in such cases, since it is not usually possible to state with certainty that the disordered function was released as a consequence of destruction of tissue by the tumour itself, or because of surrounding oedema, infiltration, or displacement of nearby structures by the tumour. The cases of hypothalamic tumour with ictal laughter and precocious puberty described by Dott (1938) and List, Dowman, Bagchi, and Bebin (1956) cited by Ironside (1956) and by Gumpert et al. (1970) are open to this criticism and the point is further exemplified by the case of Wood, Svien, and Daly (1958) . In this latter patient gelastic epilepsy occurred in association with a neurofibroma of the trigeminal nerve which had deformed the inferomedial aspect of the left temporal lobe, the hypothalamus and other basal structures.
Although in other cases of involuntary laughter there was no accompanying change of emotional feeling (Martin, 1950; Wood et al., 1958) Kliver and Bucy (1939) noticed that the normal emotional reactions of fear and anger were absent in the monkey after bilateral temporal lobe excision, although they, and others (Horenstein and Conomy, 1969) , have not observed such changes after unilateral temporal lobectomy. In man bilateral temporal lobectomy has produced a similar psychological disorder to that observed in the monkey (Terzian and Ore, 1969) . Infarction of the inferior surface of both temporal lobes and of the underlying white matter in man gives rise to a state of agitated delirium with visual agnosia, compulsive oral tendencies, and reduced emotional responses, although pseudobulbar laughing and crying occurred when the lesions were more extensive (Horenstein, Chamberlin, and Conomy, 1967) . This syndrome must clearly be related to the Kluver-Bucy syndrome as observed in monkeys. Papez (1937) and MacLean (1955) have discussed the role of the temporal lobe, and of the limbic system of which it is a part, in the control
